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FIG.4
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SCINTILLATOR ARRAY, METHOD OF
MANUFACTURING SCINTILLATOR ARRAY,
RADIATION DETECTOR, AND RADIATION

INSPECTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of prior International
Application No. PCT/IP2017/043646 filed on Dec. 35, 2017;

the entire contents of all of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments described herein generally relate to a scin-
tillator array, a method of manufacturing the scintillator
array, a radiation detector, and a radiation 1nspection device.

2. Description of Related Art

Inspections such as medical diagnosis and industrial non-
destructive inspection can use a radiation ispection device
such as an X-ray tomograph (hereinafter, described as an
X-ray CT (Computed Tomography) scanner). The X-ray CT
scanner 1mcludes an X-ray tube (X-ray source) which per-
forms 1rradiation with fan-shaped fan beam X-rays and an
X-ray detector having a plurality of X-ray detection ele-
ments, and the above-described X-ray tube and the above-
described X-ray detection elements are arranged through an
ispection object therebetween. The X-ray CT scanner per-
forms the wrradiation with the fan beam X-rays from the
X-ray tube while rotating the X-ray tube with respect to the
inspection object, and the X-ray detector collects X-ray
absorption data formed based on X-rays which the inspec-
tion object transmits. Subsequently, a computer analyzes the
data to reproduce a tomogram.

The X-ray detector widely use a detection element having,
a solid scintillator. In the X-ray detector using the solid
scintillator, 1t 1s too easy to increase the number of channels
by downsizing the detection element, thus making it pos-
sible to further increase the resolution of the X-ray CT
scannet.

The solid scintillator 1s composed of, for example, a
ceramic scintillator material. Among the above ceramics
scintillator materials, a rare earth oxysulfide-based phosphor
ceramics (rare earth oxysulfide phosphor) i1s high 1n light
emission eiliciency and has characteristics suitable for a
scintillator. For this reason, an X-ray detector which
includes the detection elements including the solid scintil-
lator composed of the rare earth oxysulfide-based phosphor
ceramics and photodiodes 1s becoming widely used.

There have been conventionally made various proposals
regarding transparency, sinterability, and the like of the solid
scintillator composed of the above-described rare earth
oxysulfide phosphor. An X-ray CT scanner in recent years 1s
required for downsizing of the detection element, or the like
with an increase 1n the number of channels for the purpose
of an increase in resolution. Moreover, for photographing of
a fine structure, a detector whose size per element of the
detection element 1s %2 or less smaller than the conventional
one 1s under development.

Moreover, an increase in resolution and an increase 1n
fineness of the X-ray CT scanner lead to an artifact of
generated 1mages when the computer analyzes the X-ray
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absorption data 1n accordance with the X-rays through the
ispection object to reproduce a tomogram. The artifact
occurs due to non-uniformity of local sensitivity of a scin-
tillator array, or the like. Because the occurrence of the
artifact 1s obstacles of medical diagnosis and non-destructive
inspection, 1t 1s desired that a sensitivity distribution of the
scintillator array 1s made more uniform.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view 1llustrating a crystal grain structure of a
sintered compact of a solid scintillator.

FIG. 2 1s a view 1llustrating a crystal grain structure of a
sintered compact of a solid scintillator.

FIG. 3 1s a view 1illustrating a constitution example of an
X-ray detector.

FIG. 4 1s a view 1llustrating a constitution example of a
scintillator array.

FIG. 5 1s a view 1illustrating a constitution example of an
X-ray 1nspection device.

SUMMARY OF TH.

INVENTION

(L]

A scitillator array of an embodiment includes: A scin-
tillator array comprising: a first scintillator element; a sec-
ond scintillator element; and a retlector provided between
the first and second scintillator elements and having a width
of 80 um or less therebetween. Each scintillator element
includes a polycrystal containing a rare earth oxysulfide
phosphor, the polycrystal having a radiation 1incident surface
of 1 mm or lessx] mm or less 1n area.

An average crystal grain diameter of the polycrystal 1s not
less than 5 um nor more than 30 um, the average crystal
grain diameter being defined by an average intercept length
of crystal grains 1n an observation 1image of the polycrystal
with a scanning electron microscope. A maximum length or
a maximum diameter of defects on the polycrystal 1s 40 um
or less.

Heremaftter, an embodiment for carrying out the present
invention will be explained with reference to the drawings.
The drawings are schematic, and for example, sizes such as
a thickness and a width of each of components are some-
times different from actual sizes of the component. Further,
in the embodiment, substantially the same components are
denoted by the same reference signs, and the explanation 1s
sometimes omitted.

A scintillator array of the embodiment converts a radia-
tion ray such as an X-ray to visible light or the like. The
scintillator array includes a plurality of scintillator elements,
and a reflector disposed between the scintillator elements,
which retlects a radiation ray. The plurality of scintillator
clements are each formed by cutting a sintered compact
(polycrystal) of a solid scintillator composed of a ceramic
scintillator material. Accordingly, the plurality of scintillator
clements each have the above-described polycrystal.

The solid scintillator 1s produced by molding a rare earth
oxysulfide phosphor powder 1n a suitable shape and sinter-
ing this powder. A rectangular bar-shaped or flat plate-
shaped scintillator plate formed by cutting a sintered com-
pact of the produced solid scintillator 1s sliced to be
processed 1nto a plurality of rectangular parallelepiped scin-
tillator elements. A detection element using the solid scin-
tillator 1s constituted by a scintillator array formed by
integrating the above-described plurality of scintillator ele-
ments with retlective layers (retlectors) each having a width
(a width between the scintillator elements) of about 80 um
cach interposed therebetween, for example.
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The ceramic scintillator material 1s composed of, for
example, a sintered compact (polycrystal) of a rare earth
oxysulfide phosphor containing praseodymium (Pr) as an
activator. The above-described rare earth oxysulfide phos-
phor includes an oxysulfide of at least one rare earth element
selected from the group consisting of yttrium (Y), gado-
lintum (Gd), lanthanum (La), and lutetium (Lu).

The rare earth oxysulfide phosphor preferably has a
composition substantially expressed by

a formula: A,O-5S:Pr (1)

(in the formula, A represents at least one rare earth element
selected from the group consisting of Y, Gd, La and Lu).

Among the rare earth elements, gadolintum (Gd) has a
large X-ray absorption coeflicient and contributes to an
improvement 1n light output by the ceramic scintillator
material composed of the above-described rare earth oxy-
sulfide phosphor. Accordingly, 1t 1s more preferable to use a
sintered compact of a rare earth oxysulfide phosphor
expressed by a formula: Gd,O,S:Pr as the ceramic scintil-
lator material. Note that another rare earth element may
substitute for a part of gadolinium (Gd). A substitution
amount according to another rare earth element 1s preferably
set to 10 mol % or less of all the rare earth elements.

The ceramic scintillator material (the above-described
rare earth oxysulfide phosphor) more preferably has a com-
position substantially expressed by

a formula: (Gd, A' )>O,8:Pr (2)

(in the formula, A' represents at least one element selected
from the group consisting of Y, La, and Lu, and x 1s a
number satisiying 0=x=<0.1).

Praseodymium (Pr) to be used as the activator that
increases light output of the rare earth oxysulfide phosphor
can reduce afterglow as compared with other activators.
Accordingly, the rare earth oxysulfide phosphor containing,
Pr as the activator 1s eflective as a fluorescence generator of
an X-ray detector.

The content of Pr 1s preferably not less than 0.001 mol %
nor more than 10 mol % relative to a phosphor host (for
example, Gd,0O,S). The content of Pr exceeding 10 mol %
causes a decrease in light output. On the other hand, the
content of Pr being less than 0.001 mol % fails to provide a
suilicient eflect as a main activator. The content of Pr 1s more
preferably not less than 0.01 mol % nor more than 1 mol %.

The rare earth oxysulfide phosphor may contain a small
amount ol at least one element selected from the group
consisting of Ce (cerium), Zr (zirconium) and P (phospho-
rus) as a coactivator in addition to Pr as the main activator.
The addition of these elements has eflect to suppression of
exposure deterioration, suppression of afterglow, and so on.
A total amount of the contents of these coactivators i1s
preferably not less than 0.00001 mol % nor more than 0.1
mol % relative to the phosphor host.

A purity of the rare earth oxysulfide phosphor 1s prefer-
ably high. Since impurities become a cause of a decrease 1n
sensitivity characteristics of the scintillator, an amount
thereot 1s preferably as small as possible. A phosphate
radical (PO,) of the impurnities causes the decrease in
sensitivity characteristics, and therefore 1ts content 1s prei-
erably 150 ppm or less. Further, 1n the case of using fluoride
or the like as a sintering aid to achieve densification, the
sintering aid remains as an impurity, thereby causing the
decrease 1n sensitivity characteristics.

The sintered compact (polycrystal) of the rare earth
oxysulfide phosphor has a structure composed of crystal
grains 1n which a mean intercept length of the crystal grains
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measured on a scanning electron microscope (SEM) obser-
vation image 1s not less than 5.0 um nor more than 30.0 um.
The above-described mean intercept length defines an aver-
age crystal grain diameter of the crystal grains. An example
of the SEM observation image includes a SEM photograph
obtained by SEM observation.

The above-described mean 1ntercept length 1s measured as
follows. A surface of the sintered compact 1s mirror-pol-
ished, and further etched by an etching solution prepared at
a ratio of hydrochloric acid:hydrogen peroxide solution:
water=1:1:1. After drying, an arbitrary surface i1s observed
by the SEM. In a magnified image (SEM observation image)
indicating an aggregation of crystal grains as a result of the
SEM observation, arbitrary crystal grains are observed
under magnification at high magnification such as 350 times
or 700 times, and the magnified 1image (SEM observation
image) 1 a unit area of S00 umx500 um 1s photographed, for
example. By using this SEM observation image, an intercept
length 1s measured by a line intercept method. In the line
intercept method, an arbitrary straight line (corresponding to
a length of 500 um) 1s drawn on the observation 1mage, and
the number of crystal grains present on the line 1s counted,
to obtain a mean tercept length on each line from an
expression (500 um/the number of crystal grains on the
straight line of 500 um). A mean value of intercept lengths
measured by performing this work three times 1s set as the
mean intercept length (um). The average crystal grain diam-
cter 1n the present specification indicates this mean intercept
length.

With downsizing of the detection element, miniaturiza-
tion of an element, and the like, 1t 1s necessary to cut the
sintered compact ol the above-described solid scintillator
obtained by a sintering process to form a scintillator plate
having such a size as, for example, 20 mm or more 1n width
(short side), 30 mm or more 1n length (long side), and 0.5
mm or more 1n thickness, and form rectangular parallelepi-
ped-shaped scintillator elements 1n each of which a longi-
tudinal length of a surface corresponding to a surface on
which X-rays are incident 1s 1 mm or less and a lateral length
thereof 1s 1 mm or less (1 mm or lessx1 mm or less 1n area
(1 mm~ or less)), and moreover, a longitudinal length thereof
1s 0.5 mm or less and a lateral length thereof 1s 0.5 mm or
less (0.5 mm or lessx0.5 mm or less in area (0.25 mm~ or
less)), from this scintillator plate. Then, 1n a scintillator array
formed by integrating these fine scintillator elements, a
width of the reflective layer 1s required to be narrower than
80 um and to be 50 um or less.

The sintered compact of the solid scintillator 1s a poly-
crystal. However, when a distribution of crystal grains 1s 1n
a state 1n which coarse crystal grains (coarse grains) and
minute crystal grains are mixed with one another, an average
crystal grain diameter of crystal grains in the scintillator
clement and between the scintillator elements 1s not uni-
form, so that variations in characteristics of light output or
the like of the above-described scintillator array are likely to
increase. In particular, when the above-described scintillator
clement 1s downsized and miniaturized as a size of the
above-described scintillator element has the longitudinal
length of 1 mm or less and the lateral length of 1 mm or less,
and moreover, the longitudinal length of 0.5 mm or less and
the lateral length of 0.5 mm or less in the area of the surface
corresponding to the surface on which X-rays are incident,
in the case where a mixed region of coarse grains and minute
crystal grains 1s present as 1s conventional, the mixed region
becomes a cause of an increase in variations 1n emission
characteristics.
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In the scintillator array in which the above-described
plurality of scintillator elements are arranged two-dimen-
sionally in longitudinal and lateral directions with the reflec-
tive layers each interposed therebetween, a partial decrease
in light output of the scintillator element causes a problem
that sensitivity variations as the scintillator array increase. In
the scintillator element, when the mixed region of coarse
grains and minute crystal grains 1s present 1 a sintered
ingot, light output of the individual scintillator elements 1s
likely to decrease. This leads to the sensitivity variations 1n
the scintillator array.

The presence of a defective portion 1n the 1nside of, on the
surface of, and in the outer peripheral portion of the scin-
tillator element formed by cutting the above-described sin-
tered compact decreases light output when an X-ray 1s
converted to visible light, similarly to the presence of the
mixed region ol crystal grains as described above. The
above-described defective portion includes at least one
selected from the group consisting of, for example, a hole,
a tlaw, a foreign material, and a hetero-phase. Examples of
the hole include a pore and a void. Examples of the tlaw
include a crack, a fracture, peeling, chipping, and a chip.
Examples of the foreign material include a substance having
a component different from that of the rare earth oxysulfide
phosphor. Examples of the hetero-phase include a region
having the same components as those of, and a crystal
structure different from that of, the above-described rare
carth oxysulfide phosphor, and a region contaiming the
impurity component in a large amount 1n the same compo-
nents as those of the above-described rare earth oxysulfide
phosphor.

In the above-described scintillator array 1n which a maxi-
mum length or a maximum diameter of defects present on
the surface of the polycrystal 1s 40 um or less, on the outer
peripheral surface (surface) of the scintillator element
tformed by cutting the above-described solid scintillator or at
least one of all edges including vertexes of the rectangular
parallelepiped, a defect having a maximum length or a
maximum diameter of not less than O um nor more than 40
um 1s likely to occur. When the maximum length of the
defects exceeds 40 um, characteristic values of light output
or the like decrease due to these defects, so that variations
in characteristics increase.

In the 1nside of the scintillator element, a total area ratio
of the defective portion 1n a scanning surface subjected to
ultrasonic flaw detection, namely, a ratio of a total area of the
defective portion relative to an area of the scanning surface
1s preferably 10% or less. A measurement condition of the
ultrasonic flaw detection 1s a frequency of 200 MHz, a focal
length of 2.9 mm, a scanning pitch of 2.5 um, a scanning
surface size of 1 mmx1 mm, a sample thickness of 1 mm,
and a detection limit defect length of 3 um. When the
above-described area ratio exceeds 10%, the characteristic
values decrease due to these defects similarly to the above,
so that the vanations 1n characteristics are large. Note that
when the sample thickness 1s less than 1 mm, the measure-
ment 1s performed more than once until it becomes a
thickness of 1 mm 1n total.

In the scintillator array, the defects present on the above-
described outer peripheral surface or all edges including
vertexes ol the rectangular parallelepiped and the defects in
the 1nside of the above-described scintillator element include
at least one selected from the group constituted of, for
example, a hole, a flaw, a foreign material, and a hetero-
phase. The maximum length or the maximum diameter of
the defects present on the surface of the polycrystal and the
maximum length of the defects present on all the edges
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including at least one of vertexes of the polycrystal are more
preferably each 40 um or less.

Next, a manufacturing method example of the scintillator
array of the embodiment will be explained. First, each of
rare earth elements such as Gd and Pr 1s weighed 1 a
predetermined amount, and these are sufliciently mixed with
cach other. As the respective starting materials, for example,
the respective rare earth element oxides such as gadolintum
oxide and praseodymium oxide are used. As a mixture of
these respective starting materials, a uniform mixed oxide
indicated below 1s preferably used. The umiform mixed
oxide 1s formed by, for example, dissolving the respective
rare earth element oxides 1n a nitric acid or the like, and
thereafter coprecipitating them with an oxalic acid or the
like, and burning a coprecipitate contaiming the respective
rare earth elements at 900 to 1000° C.

Next, a mixed oxide powder of the above-described rare
carth elements, for example, a Gd,O,; powder containing
Pr,O, of 5x107 to 1x10_, mol, a sulphidizing agent such as
a sulfur (S) powder, and flux such as M;PO,, or M,CO,; (M
1s at least one element selected from the group consisting of
L1, Na, K, Rb, and Cs) are sufliciently mixed with one
another. The mixed powder 1s burned at temperatures of
1100 to 1300° C. for five to ten hours, and thereafter washed
by acid and water to form a rare earth oxysulfide phosphor
powder.

The above-described rare earth oxysulfide phosphor pow-
der 1s used as a material of phosphor ceramics composing
the scintillator array of the embodiment. In the above-
described rare earth oxysulfide phosphor powder to be used,
a mean particle diameter 1s preferably not less than 0.05 um
nor more than 20 um. When the mean particle diameter 1s
less than 0.05 um, a filling factor decreases 1n the manufac-
turing method to be described later, for example, at the stage
of rubber press molding. For this reason, contraction 1is
increased by sintering using a hot 1sostatic pressing (HIP)
method 1n which high-temperature pressing 1s performed,
and a failure 1s very likely to occur based on an increase 1n
a contraction amount of a metal capsule. On the other hand,
when the mean particle diameter of the rare earth oxysulfide
phosphor powder exceeds 20 um, a temperature 1s required
to be made higher in HIP, so that strength, sensitivity,
sensitivity distribution and so on of light output tend to
decrease. The above-described mean particle diameter 1s
further preferably not less than 0.05 um nor more than 10
L.

The sintered 1ngot of the solid scintillator 1s formed next.
The sintered 1ngot of the solid scintillator 1s formed by a
sintering method or the like using, for example, the HIP
method, a hot press (HP) method, a spark plasma sintering
(SPS) method, or a microwave heating method or a milli-
meter-wave heating method.

As HIP processing, when the above-described high-purity
rare earth oxysulfide phosphor powder 1s molded mm a
suitable shape by a rubber press, and thereafter filled 1 a
high melting point metal container composed of Ta, Mo, Nb,
W and so on, or the like to be sealed, and sintered by
performing the HIP processing under high-temperature and
high-pressure conditions, crystal grains grow with progress
of HIP sintering. Further, as another sintering method, a
sintering method using the HP method, the SPS method, the
microwave heating method, or the millimeter-wave heating
method 1s also preferable.

In the HIP processing, together with progress of the HIP
processing, from a sintered mass of primary particles of the
above-described rare earth oxysulfide phosphor powder, for
example, a structure (mixed structure) in which relatively
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small crystal grains each seen to be a long bar shape and
relatively large crystal grains each having an 1irregular
polygonal shape are mixed with one another 1s observed.
Moreover, when the HIP processing progresses, the entire
sintered compact grows into irregular polygonal crystal
grains.

In order to obtain an optimal sintered compact, it 1s
particularly important in this embodiment to control sinter-
ing conditions of the sintering method using, for example,
the HIP method, the HP method, the SPS method, the
microwave heating method, or the millimeter-wave heating,
method, or the like. In order to obtain a sintered compact
being an optimal solid scintillator 1n this embodiment, 1n a
manufacturing method of the sintered compact having each
crystal grain structure of the above-described rare earth
oxysulfide phosphor, in a case of having an 1rregular polygo-
nal crystal grain structure having a uniform average crystal
grain diameter, 1t 1s possible to obtain a solid scintillator
excellent 1 sensitivity characteristics and uniformity of
sensitivity of light output. That 1s, a sintered compact having
no mixed structure exhibits light output characteristics to be
optimal and reduce varnations as a solid scintillator.

Such a growth process of the crystal grains of the rare
carth oxysulfide phosphor, and light output sensitivity char-
acteristics based thereon are found for the first time as a
result of, regarding many samples produced by changing
processing conditions of the sintering method using the HIP
method, the HP method, the SPS method, the microwave
heating method, or the millimeter-wave heating method, or
the like, observing crystal grains appearing on their cross
sections and measuring sensitivity and a sensitivity distri-
bution of light output.

A HIP set temperature (thermal processing temperature) 1s
preferably not lower than 1300° C. nor higher than 1500° C.
When the HIP set temperature 1s lower than 1300° C., crystal
growth cannot be sufliciently promoted. When the HIP set
temperature exceeds 1500° C., the crystal growth progresses
rapidly, and 1t becomes diflicult to obtain a uniform crystal
structure having a uniform crystal grain diameter. A more
preferable HIP set temperature 1s not lower than 1340° C.
nor higher than 1450° C.

A HIP pressure 1s preferably 98 MPa or more. When the
HIP pressure 1s less than 98 MPa, an eflect by the HIP
processing cannot be sufliciently obtained. The HIP pressure
1s more preferably 118 MPa or more. When the HIP tem-
perature 1s not lower than 1300° C. nor higher than 1500° C.
and the HIP pressure 1s 98 MPa or more, a HIP time 1s
preferably not shorter than 0.1 hours nor longer than 10
hours. A more preferable HIP time 1s not shorter than 0.25
hours nor longer than 8 hours. When the HIP time 1s shorter
than 0.1 hours, crystal grains cannot be made to grow
suiliciently, and when 1t exceeds 10 hours, too much growth
of crystal grains makes coarse grains likely to be mixed.

Subjecting the rare earth oxysulfide phosphor powder to
the HIP processing under such conditions makes it possible
to adjust a sintered compact being a solid scintillator to a
uniform crystal grain structure. That 1s, the scintillator array
of the embodiment can be obtained with good reproducibil-
ity.

In the HP method, 1t 1s preferable to use a rare earth
oxysulfide phosphor having a mean particle diameter of not
less than 0.05 um nor more than 0.5 um as a raw material of
the above-described sintered compact, and to perform sin-
tering as the above-described processing conditions of HP at
a time of manufacturing the above-described sintered com-
pact, in which a sintering set temperature 1s not lower than
1350° C. nor higher than 16350° C., a sintering time 1s not
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shorter than 0.1 hours nor longer than 10 hours, and a
processing pressure 1s 30 MPa or more, preferably 50 MPa
or more. Using the above-described rare earth oxysulfide
phosphor having minute particles whose mean particle
diameter 1s not less than 0.05 pm nor more than 0.5 um as
the raw material causes a crystal grain structure of a sintered
compact after sintering to have fine and uniform average
crystal grain diameter, improves uniformity of characteris-
tics of light output or the like to be aflected by the crystal
grain structure, and makes 1t possible to reduce variations.
Moreover, since the raw material 1s minute particles, and
adhesion strength of a grain boundary between powder
particles 1s high, the defects such as the hole, the pore, the
voild, the flaw, the crack, the fracture, the peeling, the
chipping, and the chip are unlikely to occur even though
sudden strain relaxation force 1s generated in the inside of
the sintered compact in the sintering process, and such
defects as describe above are unlikely to occur even 1n
plastic working such as machining 1n a post-process, so that
variations 1n characteristic values due to a local decrease in
light characteristics caused by the above-described defects
and a decrease 1n operating life with progress of the above-
described defects due to a change with passage of time at a
time of use are suppressed.

Before performing main sintering by the HIP processing
or the HP, 1t 1s preferable to perform a thermal processing
process of holding at a temperature 50° to 300° C. lower
than a main sintering temperature. Further, a holding time 1s
preferably not shorter than 0.5 hours nor longer than 3 hours,
for example.

Betfore performing the main sintering, holding at a pre-
determined temperature allows a temperature of the sample
to be uniformalized. When a scintillator 1s sintered by the
HIP processing, a capsule method 1s used. Using a capsule
makes 1t possible to prevent mixing of a foreign material
(impurity). The HIP processing 1s a method of sintering a
sample put 1n the capsule while applying 1sotropic pressure
thereto. By performing the HIP processing after uniformal-
1izing the temperature of the sample 1n the capsule, grain
growth can be homogenized. This allows a mean 1ntercept
length or a maximum diameter of intercept lengths to fall
within a predetermined range.

When the scintillator 1s sintered by the HP, a metal mold
press method can be used. The metal mold press method 1s
a method of applying pressure in a unmiaxial direction. The
HP 1s a method of sintering while applying pressure in a
umaxial direction. For this reason, non-uniformity is likely
to occur between a central portion and an outer peripheral
portion of the sample. This 1s because the outer peripheral
portion of the sample touches a metal mold. Sintering by the
HP after homogenizing a temperature of the sample in the
metal mold allows the grain growth to be homogenized. This
allows the mean intercept length or the maximum diameter
of the intercept lengths to fall within the predetermined
range.

When the HIP processing and the HP are compared, a
crystal grain diameter 1s more likely to become non-uniform
in the HP by just as much as the metal mold 1s used.
Therefore, 1n the thermal processing before the main sinter-
ing, the HP has a higher eflect of improvement.

As another method example of forming the sintered
compact being the solid scintillator, the sintering method by
the SPS method, or microwave heating or millimeter-wave
heating 1s preferable. In the sintering method by the SPS
method, or the microwave heating or the millimeter-wave
heating, pulverized powder particles self-heat to be sintered
(pressure-sintered 1n the SPS method) at the portions where
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they are in direct contact with one another, so that 1t 1s
possible to obtain a sintered compact having dense and
uniform fine crystal grains, for a short time.

In the sintering method by the SPS method, or the
microwave heating or the millimeter-wave heating, as
described above, since the inside of the above-described
pulverized powder particles 1s made to generate heat to be
sintered by self-heating (while pressurizing in the SPS
method), the sintering 1s possible under a not-so-high tem-
perature condition for a short time, so that crystals remain
fine to become a uniform crystal grain structure. The uni-
form crystal grain structure improves the uniformity of the
characteristics of the light output or the like to be affected by
the crystal grain structure, and makes 1t possible to reduce
variations. Further, due to uniform and fine crystal grains,
and since the original pulverized powder particles make the
inside thereof generate heat to be sintered (pressure-sintered
in the SPS method) at the places contact with one another by
self-heating, and adhesion strength of a grain boundary
between pulverized powder particles 1s also improved, the
defects such as the hole, the pore, the void, the flaw, the
crack, the fracture, the peeling, the chipping, and the chip are
unlikely to occur even though the sudden strain relaxation
force 1s generated 1n the inside of the sintered compact 1n the
sintering process, and such defects as describe above are
unlikely to occur even in the plastic working such as
machining 1n the post-process, so that variations in charac-
teristic values due to the local decrease 1n light character-
1stics caused by the above-described defects and a decrease
in operating life with progress of the above-described
defects due to a change with passage of time at a time of use
are suppressed. Moreover, in the sintering method by the
SPS method, or the microwave heating or the millimeter-
wave heating, sintering in a near net shape close to a finished
shape 1s possible, and a machining process such as a cutting
process alter sintering can be sigmificantly omitted. Manu-
facturing 1n the near net shape makes 1t possible to suppress
variations in characteristics of individual light outputs or the
like of a plurality of the above-described solid scintillators.

A structure of the above-described sintered compact pred-
erably has 1rregular polygonal crystal grains whose mean
intercept length measured by using a SEM observation
image 1s not less than 5.0 um nor more than 30.0 um. When
the above-described mean intercept length 1s less than 5.0
um or exceeds 30.0 um, the strength and the sensitivity of
light output are likely to decrease, the sensitivity distribution
1s also likely to become non-uniform. The intercept length 1s
preferably 100 um or less. Even though the mean intercept
length falls within a range of not less than 5.0 um nor more
than 30.0 um, a too large crystal grain diameter 1s likely to
cause a non-uniform sensitivity distribution. Further the
large crystal grain 1s likely to cause a defect when the grain
1s dropped 1n performing the machiming.

As the above-describe processing conditions of the sin-
tering method by the SPS method for obtaming the sintered
compact of the solid scintillator being the crystal grains
whose mean intercept length measured on the SEM obser-
vation 1image 1s not less than 5.0 um nor more than 30.0 um
as an average crystal grain diameter of the crystal grains, 1t
1s preferable that a sintering reached temperature 1s 1400° C.
or higher, and preferably not lower than 1400° C. nor higher
than 1700° C., a sintering retention time 1s not shorter than
0.1 hours nor longer than 8 hours, and preferably 0.25 hours
and 8 hours or shorter, and a reached pressurizing force at a
time of molding 1s 50 MPa or more, and preferably 60 MPa
or more. When the sintering reached temperature exceed
1°700° C., the crystal growth progresses rapidly, and 1t
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becomes diflicult to obtain a uniform crystal structure hav-
ing a uniform crystal grain diameter. When the sintering
reached time 1s shorter than 0.1 hours, the crystal grains do
not suiliciently grow, and when 1t exceeds 8 hours, too much
growth of the crystal grains makes coarse grains likely to be
mixed.

A mold to be used 1n the SPS method is preferably a mold
made of carbon. The mold made of carbon makes it possible
to obtain effects of oxidation prevention and 1mpurity-
mixing prevention of a molded body. Further, the process 1s
preferably performed with pressure applied in a vacuum of
1107 Pa or less.

As the above-described processing conditions of the sin-
tering method by the microwave heating or the millimeter-
wave heating for obtaining the sintered compact of the solid
scintillator constituting the scintillator array of the embodi-
ment and being the crystal grains whose mean intercept
length measured on the SEM observation image 1s not less
than 5.0 um nor more than 30.0 um as an average crystal
grain diameter of the crystal grains, 1t 1s preferable that a
sintering reached temperature 1s 1300° C. or higher, and
preferably not lower than 1300° C. nor higher than 1700° C.,
and a sintering retention time 1s not shorter than 0.1 hours
nor longer than 8 hours, and preferably not shorter than 0.25
hours nor longer than 8 hours. When the sintering reached
temperature 1s lower than 1300° C., the crystal growth
cannot be sufliciently promoted. On the other hand, when the
sintering reached temperature exceeds 1700° C., the crystal
growth progresses rapidly, and 1t becomes diflicult to obtain
a uniform crystal grain structure having a uniform crystal
grain diameter. When the sintering reached time 1s shorter
than 0.1 hours, the crystal grains do not suthiciently grow,
and when it exceeds 8 hours, too much growth of the crystal
grains makes coarse grains likely to be mixed.

Since the sintered compact of the above-described solid
scintillator constituting the scintillator array of the embodi-
ment has a crystal grain structure having a uniform crystal
grain diameter and 1s excellent in uniformity of character-
istics, even the sintered compact of the above-described
solid scintillator having a large size can be stably obtained,
and moreover, the characteristics can be kept good, and 1t
also becomes possible to significantly reduce the vanations
in characteristics.

By processing the sintered compact of the above-de-
scribed solid scintillator, a rectangular bar-shaped scintilla-
tor plate can be formed. The scintillator plate 1s processed
into scintillator elements, and 1s used for an X-ray detector
or the like as a scintillator array obtained by integrating them
with a plurality of reflective layers each interposed therebe-
tween. The scintillator array has a shape having, for
example, 20 mm or more 1n length 1n a short-side direction,
30 mm or more 1n length in a long-side direction, and 0.5
mm or more in thickness.

The reflective layer for integrating the above-described
plurality of scintillator elements 1s preferably composed of,
for example, a mixture of reflector particles of titanium
oxide, aluminum oxide, or the like and transparent resin 1n
order to make 1t difhicult to leak light emitted from the
scintillator elements by radiation rays such as X-rays to the
neighboring scintillator elements. As the reflective layer,
other than the above, a white polyethylene terephthalate
(PET) film, a metal deposited film, or the like may be used.

The above-described scintillator plate 1s processed (cut)
into the scintillator elements each having a predetermined
geometry by the machining including the cutting process
with a wire saw, a dicer, or the like. It 1s preferable to process
the scintillator plate by the machiming which does not apply
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a stress equal to or more than a yield stress of the above-
described sintered compact to the above-described sintered
compact as the above-described processing conditions. For
that purpose, a blade edge of the dicer to process the
scintillator plate into a predetermined scintillator element
shape, or the like 1s set as a cutting blade unlikely to cause
the defects such as the fracture, the crack, the chipping, the
flaw, the chip, and the peeling, to make a blade thickness
thereot thin or to use, for a material of the blade, the one
made ol cemented carbide or cermet, thereby making it
possible to suppress occurrence of the above-described
defects due to the process.

It 1s preferable to perform the cutting process by using the
cutting blade whose thickness of the blade 1s 100 um or less.
When the thickness of the blade exceeds 100 um, the stress
equal to or more than the yield stress of the sintered compact
1s likely to be applied to the sintered compact at a time of the
cutting process, and the above-described defects are likely to
occur. The blade thickness of the cutting blade 1s more
preferably 60 um or less.

When the above-described sintered compact 1s machined,
by performing the cutting process by ultrasonic-vibrating the
cutting blade 1n a radial direction of the sintered compact at
a time of driving the dicer as the above-described processing
conditions, it 1s possible to easily remove a cutting powder
and reduce clogging, and reduce grazing of the cutting
blade, so that 1t 1s possible to reduce a load at a time of the
process and suppress the occurrence of the defects due to the
process.

As a method for avoiding the application of the stress
equal to or more than the yield stress of the sintered compact
to the sintered compact (scintillator) at a time of the cutting
process, 1t 1s cited to use a material having high hardness for
the cutting blade or to make the thickness of the cutting
blade thin. Further, it 1s cited to increase a rotational speed
of the cutting blade, to decrease a feed speed of the cutting
blade, to control a one-time cutting depth, or the like. These
may be combined with one another.

The rotational speed of the cutting blade 1s preferably not
less than 5000 rpm nor more than 20000 rpm. The rotational
speed 1s slow at less than 35000 rpm, so that the stress 1s
likely to be high. Further, when 1t exceeds 20000 rpm, the
thin cutting blade sways to cause the stress to be easily
applied. For this reason, the rotational speed of the cutting
blade 1s preferably not less than 3000 rpm nor more than
20000 rpm, and further not less than 7000 rpm nor more than
15000 rpm.

The feed speed of the cutting blade 1s preferably 6 mm/s
or less. The feed speed of the cutting blade 1s a speed which
puts forward the cutting blade 1n a fixed direction. Decreas-
ing the feed speed makes 1t possible to reduce the stress to
be applied to the sintered compact (scintillator) at a time of
the cutting process. For this reason, the feed speed of the
cutting blade 1s preferably 6 mm/s or less, and further 5
mm/s or less.

A thickness T1 of the sintered compact (scintillator) and
a one-time cutting depth T2 preferably satisty 0.25=(T2/11)
<0.95. T2/T1=1 ndicates that the one-time cutting depth 1s
the same as the thickness of the sintered compact. T2/T1
being not less than 0.25 nor more than 0.95 indicates that the
thickness 11 of the sintered compact 1s cut by dividing the
cutting process into plural times. Reducing the one-time
cutting depth allows the stress to be reduced. Note that
12/1T1 may be less than 0.25, but increasing the number of
times of the process causes a long lead time.

Since the sintered compact of the above-described solid
scintillator constituting the scintillator array of the embodi-
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ment 1s excellent 1n light output sensitivity characteristics,
and further excellent in uniformity of the sensitivity distri-
bution, using the scintillator element processed as described
above as a fluorescence generator ol an X-ray detector
makes 1t possible to achieve downsizing of a detection
clement, an improvement in detection sensitivity ol X-rays,
suppression of an artifact, and the like. This greatly con-
tributes to downsizing*high resolution of the X-ray detector,
or the like.

The above-described scintillator plate 1s required to be
made longer 1n order to cope with an increase 1n the number
of segments (the number of scintillator elements) per one
channel of the X-ray detector, or the like. Using the sintered
compact of the above-described solid scintillator constitut-
ing the scintillator array of the embodiment makes i1t pos-
sible to achieve a scintillator plate having a length of 30 mm
or more, for example. Moreover, even a long-sized scintil-
lator plate having a length of 90 mm or more, and further
300 mm or more can be put to practical use. Such a
scintillator plate to which the sintered compact of the
above-described solid scintillator constituting the scintillator
array ol the embodiment 1s applied 1s a crystal grain struc-
ture having a uniform crystal grain diameter as described
above, so that the uniformity of characteristics can be stably
obtained.

By the above-described long-sized scintillator plate, one
channel can be constituted of a plurality of segments (scin-
tillator elements) cut out of one plate. That 1s, 1t becomes
possible to uniformalize characteristics of each of channels
of the X-ray detector. For example, 1n a multi-tomogram
type X-ray CT scanner, one channel 1s constituted of many
segments (scintillator elements). The scintillator plate com-
posed of the sintered compact of the above-described solid
scintillator constituting the scintillator array of the embodi-
ment 1s suitable for such a use.

A radiation detector of the embodiment includes the
scintillator array, and includes: a fluorescence generator
which emits fluorescence in response to radiation rays
incident on the scintillator array; and a photoelectric con-
verter which receives light from the fluorescence generator
and converts the light into electricity.

The above-described fluorescence generator has the scin-
tillator array constituted by integrating a plurality of scin-
tillator elements each formed by slicing or grooving-pro-
cessing the scintillator plate composed of the sintered
compact of the above-described solid scintillator 1n longi-
tudinal and lateral directions with the reflective layers each
interposed therebetween. The above-described fluorescence
generator may include a plurality of channels, and each of
the above-described plurality of channels may have a con-
stitution 1 which a plurality of segments (scintillator ele-
ments) produced by slicing the above-described scintillator
plate are integrated 1n a direction substantially orthogonal to
an array direction of each of the above-described plurality of
channels with the reflective layers each interposed therebe-
tween.

A radiation inspection device of the embodiment may
include: a radiation source which irradiates an 1nspection
object with radiation rays; and the radiation detector which
detects radiation rays which the inspection object transmuts.
The radiation ispection device may be an X-ray tomograph.

Next, constitution examples of the radiation detector and
the radiation inspection device will be explained with ref-
erence to FIG. 3, FIG. 4, and FIG. 5. FIG. 3 1s a view
illustrating a constitution example of an X-ray detector. An
X-ray detector 1 illustrated 1n FIG. 3 has a scintillator array
2 as a fluorescence generator (fluorescence source). FIG. 4
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1s a view 1llustrating a constitution example of the scintil-
lator array 2. The scintillator array 2 1s constituted by
integrating a plurality of segments (scintillator elements) 3
cut out of the scintillator plate described above 1n longitu-
dinal and lateral directions with the reflective layers each
interposed therebetween.

In the scintillator array 2, for each of channels 2a, the
plurality of segments (scintillator elements) 3 cut out of one
scintillator plate are used, for example. Then, by lining up
the plurality of segments (scintillator elements) 3 each
formed by cutting this one scintillator plate 1n a column
direction, the respective channels 2a are constituted. In the
scintillator array 2, retlective layers 4 are each interposed
between the channels 2aq. The scintillator plate may be
grooving-processed to form an array including channels and
segments 1 a grid shape from the one plate. The retlective
layers 4 are interposed between the respective channels and
the respective segments.

In front of the respective channels 2a of the scintillator
array 2, collimators 5 which regulate an incident direction of
X-rays are provided, block X-rays incident from an oblique
direction, and lead only perpendicularly incident X-rays into
the scintillator array 2. The collimators 3 are each disposed
so as to regulate the incident direction of X-rays for each of
the channels 2a. In rearward of the scintillator array 2, a
photoelectric conversion part 6 1s provided. The photoelec-
tric conversion part 6 has a plurality of photodiodes 7
disposed to correspond to the respective segments 3 of the
scintillator array 2.

In the above-described X-ray detector 1, X-rays are
incident on the scintillator array 2, and the respective
segments 3 of the scintillator array 2 emit light according to
this incident X-ray dosage. The light emitted from each of
the segments 3 1s detected by each of the photodiodes 7. That
1s, an output of the light emitted based on the incident X-ray
dosage 1s converted to an electrical output by the photo-
diodes 7, thereby measuring an incident X-ray dosage.

Since the channels 2a of the scintillator array 2 are each
constituted of the plurality of segments 3 each formed by
cutting the scintillator plate, the X-ray detector 1 can
improve detection sensitivity of X-rays, and enhance uni-
formity of sensitivity (output) for each of the channels 2a.
These allow a significant improvement in characteristics and
accuracy of the X-ray detector 1. The X-ray detector 1 1s
suitably used for the multi-tomogram type X-ray CT scan-
ner. The X-ray detector 1 1s fabricated with good accuracy
and a high yield.

FIG. 5 1s a view 1illustrating a constitution example of an
X-ray 1nspection device. An X-ray CT scanner 8 1llustrated
in FIG. § includes the X-ray detector 1. The X-ray detector
1 1s attached on an inner wall of a cylinder in which an
imaging region of a subject 10 1s laid to rest. Substantially
at the center of a circular arc on which the X-ray detector 1
has been attached, an X-ray tube 9 which radiates X-rays 1s
disposed. Between the X-ray detector 1 and the X-ray tube
9, the fixed subject 10 1s disposed. The X-ray detector 1 and
the X-ray tube 9 rotate while taking photographs by using
X-rays with the fixed subject 10 centered. Thus, 1image
information of the subject 10 1s collected in three dimen-
sions from different angles.

A signal obtained by X-ray photography is processed 1n a
computer 11, and indicated as a subject image 13 on a
display 12. The subject image 13 1s, for example, a tomo-
gram of the subject 10. In the multi-tomogram type X-ray
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CT scanner, a plurality of tomograms of the subject 10 are
simultaneously photographed. According to such a multi-
tomogram type X-ray C1 scanner, photographed results can
also be depicted 1n three dimensions.

The X-ray CT scanner 8 as described above can ellec-
tively prevent appearance of an artifact (quasi-image), or the
like since the scintillator plate excellent 1n uniformity of the
sensitivity distribution 1s used even in a case of the long-
sized one. Moreover, a high output from each scintillator
allows an improvement in resolution, or the like to be
achieved. These make it possible to significantly enhance
medical diagnosis performance based on the X-ray CT
scanner 8.

Note that the radiation mspection device 1s applicable not
only to an X-ray mspection device for medical diagnosis but
also to an industrial-use X-ray nondestructive inspection
device, or the like. This embodiment also contributes to an
improvement 1n inspection accuracy by using the X-ray
nondestructive inspection device, or the like.

EXAMPLES

Next, concrete examples of the embodiment and their
evaluation results will be described.

Examples 1 to 13, Comparative Examples 1 to 6

A rare earth oxysulfide phosphor powder was molded by
a rubber press, and this molded body was produced into a
sintered compact by a sintering method by a HIP method, a

HP method, or a SPS method under conditions presented 1n
Table 1.

In a case of the HIP method, a molded body of a
Gd,O,S:Pr (Pr concentration=0.05 mol %) rare earth oxy-
sulfide phosphor powder having a mean particle diameter of
6 um was enclosed by deaeration 1n a capsule made of Ta,
thereafter setting this in a HIP processing apparatus, and an
argon gas was sealed as a pressurizing medium in the HIP
processing apparatus, and processing was carried out under
the respective processing conditions (pressure, temperature,

time) presented 1n Table 1. In a case of the HP method, a
mold made of carbon was filled with a Gd,O,S:Pr (Pr
concentration=0.05 mol %) phosphor powder having a mean
particle diameter of 0.1 um, and main sintering was per-
formed under the respective conditions (temperature, time,
pressure) presented in Table 1 while being pressurized.

In the HIP method and the HP method, thermal processing,
at a temperature 50° C. to 300° C. lower than a main
sintering temperature was performed before the main sin-
tering. The thermal processing conditions (temperature,
time) before the main sintering are also presented in Table
1. Any thermal processing before the main sintering was
performed at normal pressure.

In a case of the SPS method, a mold made of carbon was
filled with the above-described temporarily molded body,
and sintering (a spark plasma sintering method) was per-
formed under the respective processing conditions (tempera-
ture, time, pressure) presented in Table 1 by passing and
discharging a large current on-ofl DC pulse current while
being pressurized 1 a vacuum of 1x10-4 Pa or less. Further,
the thermal processing before the main sintering was not
performed regarding any of comparative examples.
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TABLE 1
Thermal pro-
cessing be-
fore main
sintering Main sintering
Temper- Temper-

ature Time Sintering ature Time Pressure

(¢ C.) (h) method (° C.) (h) (MPa)
Example 1 1300 1 HIP 1375 3 147
Example 2 1250 2 HIP 1375 6 147
Example 3 1200 2.5 HIP 1375 9 147
Example 4 1270 1 HIP 1325 3 147
Example 5 1350 0.5 HIP 1425 3 147
Example 6 1050 3 HIP 1375 3 98
Example 7 1150 2 HIP 1375 3 118
Example 8 — — SPS 1600 0.5 60
Example 9 — — SPS 1500 1 80
Example 10 — — SPS 1400 2 100
Example 11 1250 2 HP 1350 5 50
Example 12 1300 1 HP 1450 0.5 45
Example 13 1350 1 HP 1550 1 40
Comparative - - HIP 1290 12 147
example 1
Comparative — — HIP 14770 0.05 147
example 2
Comparative — — HIP 1375 3 80
example 3
Comparative - - SPS 1300 0.5 180
example 4
Comparative - - SPS 1380 0.5 40
example 5
Comparative — — HP 1700 10 25
example 6

Thus, column-shaped sintered compacts (solid scintilla-
tors) each composed of rare earth oxysulfide phosphor and
cach having about 80 mm 1n diameterxabout 120 mm 1n
height were produced. The later-described characteristic
cvaluation was served with the above sintered compacts.

Each of the sintered compacts according to the above-
described Examples 1 to 13 and Comparative examples 1 to
6 was cut to form a rectangular plate-shaped scintillator
plate of 1 mmx80 mmx30 mm {irst, and moreover, the
scintillator plate was cut to form rectangular parallelepiped
chips of scinftillator elements each having 0.5 mmxO0.5
mmx1 mm. Conditions of cutting process are as presented in
Table 2. A cutting blade at a time of a cut out process was
set as cemented carbide. Further, a thickness of the cutting
blade, a rotational speed, a feed speed, and a one-time
cutting depth (12/11) are as presented in Table 2. Further,
the one-time cutting depth (12/11) 1n the examples was set
to 0.95 or less. The cutting process was performed by
repeating the cut out process plural times. Further, a one-
time cutting depth was set to 1T2/T1=1 to perform cut-out in
a one-time process 1 the comparative examples.

TABLE 2
Cutting
blade Rotational Feed Cutting
thickness speed speed depth
(Lm) (rpm) (mm/s)  (T2/T1)
Example 1 40 {000 5 0.4
Example 2 50 13000 5 0.5
Example 3 40 17000 4 0.6
Example 4 50 10000 4 0.5
Example 5 50 12000 4 0.5
Example 6 60 5000 6 0.9
Example 7 40 {000 4 0.85
Example 8 30 10000 3 0.7
Example 9 50 12000 4 0.7
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TABLE 2-continued

Cutting
blade Rotational Feed Cutting
thickness speed speed depth

(Lm) (rpm) (mm/s)  (T2/T1)
Example 10 50 10000 4 0.85
Example 11 50 10000 4 0.75
Example 12 50 9000 3 0.75
Example 13 30 9000 3 0.75
Comparative 70 8000 6 1
example 1
Comparative 70 8000 7 1
example 2
Comparative 70 8000 7 1
example 3
Comparative 70 8000 7 1
example 4
Comparative 70 8000 7 1
example 5
Comparative 70 3000 10 1
example 6

Scintillator arrays each having about 20 mmxabout 40
mmxabout 1 mm were each fabricated by integrating these
rectangular parallelepiped chips with reflective layers (layer
composed by mixing titanium oxide and resin) each having
a width of 50 um each interposed therebetween. The
obtained scintillator arrays were each used to evaluate
characteristics as follows.

A cut surface of each of the rectangular parallelepiped
chips of the scintillator elements was lightly etched by an
inorganic acid or the like, and a surface thereof was observed
by a SEM. FIG. 1 1s, of Example 1, and FIG. 2 1s, of

Comparative example 1, a magnified SEM observation
image example of the cut surface of each of the rectangular
parallelepiped chips of the scintillator elements. A distribu-
tion of a mean mtercept length was obtained as an average
crystal grain diameter of crystal grains on the SEM obser-
vation 1mage. A specific measuring method of the mean
intercept length measured on the SEM observation image as
the average crystal grain diameter of crystal grains 1s as
described above. Table 3 presents these results.

Internal defects of the above-described solid scintillator
were measured as a total area ratio of the defective portion
in a scanning surtace subjected to ultrasonic flaw detection
(conditions: a frequency of 200 MHz, a focal length of 2.9
mm, a scanning pitch of 2.5 um, a scanning surface size of
1 mmx1 mm, a sample thickness of 2 mm, and a detection
limit defect length of 3 um) 1n a thickness direction regard-
ing a surface parallel to an X-ray incident surface of the solid
scintillator. In appearance defects, a maximum length or a
maximum diameter of defects on an outer peripheral surface
of the above-described scintillator element and a maximum
defect length of defects present on the whole circumierence
of edges (including vertexes) of the rectangular parallelepi-
ped chip (0.5 mmx0.5 mmx] mm 1n size) of the above-
described scintillator element were measured. Table 3 pres-
ents the area ratio of the internal defects and the maximum
defect length of the appearance defects of the solid scintil-
lator of each of the examples and the comparative examples.

Next, a ratio of a current flowing through silicon photo-
diodes installed at the rear by irradiating a surface of about
20 mmxabout 40 mm of each of the scintillator arrays with
X-rays (120 kV) to when a current value in Comparative
example 3 was set to 100% was measured as sensitivity
(light output) of each of the scintillator arrays. Sensitivity
variations were obtained from, by 1rradiation with X-rays in
order from an end of the scintillator array at a slit width of
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1 mm with 1rradiation positions varied, variations 1n sensi-
tivity of the respective portions, instead of irradiation of the
whole surface with X-rays. Light outputs of the respective
portions were obtained as percentages relative to that in
Comparative example 3, and the above-described variations
in sensitivity were obtained as a difference between a
maximum value and a mimmum value of the above respec-
tive output percentages. The one larger than 100% 1n the
above-described sensitivity has more excellent light output
(sensitivity characteristics). The smaller the above-described
variations 1n sensitivity are, the more the varnations are
reduced. As the above-described comparison standard
sample, a sample having the same dimensions was used after
cutting out of the scintillator plate in which a distribution of
crystal grains of Comparative example 1 was 1n a state 1n
which minute crystal grains surrounded coarse columnar
crystals. Table 3 presents these results.
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While certain embodiments of the present invention have
been exemplified, these embodiments have been presented
by way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied 1n a variety of other
forms; furthermore, wvarious omissions, substitutions,
changes and the like in the form of the embodiments
described herein may be made without departing from the
spirit of the mventions. The accompanying claims and their
equivalents are intended to cover such forms or their modi-
fication examples as would fall within the scope and spirit of
the inventions. Further the aforementioned embodiments
may be embodied in combination with each other.

The mvention claimed 1s:

1. A scintillator array comprising;:

a first scintillator element:;

a second scintillator element; and

Characteristic

Sensitivity

Sensitivity  variations

TABLE 3
Crystal structure Defect
Mean Maximum value  Internal Maximum
intercept of intercept defect appearance

length length area ratio defect length

(Hm) (Lm) (o) (um)
Example 1 8.8 26.5 3 12
Example 2 11.5 30.1 5 14
Example 3 14.1 32.6 6 16
Example 4 5.6 22.6 2 14
Example 5 284 84.%8 3 15
Example 6 9.4 28.4 7 20
Example 7 9.2 37.1 3 19
Example 8 7.5 35.8 2 16
Example 9 6.6 33.9 4 17
Example 10 5.4 16.2 5 21
Example 11 12.6 28.8 4 19
Example 12 24.1 754 5 18
Example 13 19.7 45.5 3 16
Comparative 4.2 28.1 32 41
example 1
Comparative 42.5 230.1 27 55
example 2
Comparative 8.7 42 16 49
example 3
Comparative 3.6 27.5 31 46
example 4
Comparative 4.7 31.7 34 51
example 5
Comparative 61.3 303.7 38 63
example 6

As presented 1n Table 3, any scintillator array constituted
ol the solid scintillator of each of the examples has a crystal
grain structure having a uniform 1rregular polygonal crystal
grain diameter as clearly illustrated as an example i FIG. 1.
Then, the scintillator array constituted of the solid scintil-
lator sintered compact having such a crystal structure is
found excellent in sensitivity characteristics and sensitivity
variations as compared with the comparative examples.

As described above, the scintillator array of the embodi-
ment makes 1t possible, for example, to obtain light output
capable of coping with downsizing of the detector and the
like, and further to achieve the sensitivity distribution in
which variations are small and the light output 1s uniform, in
addition to excellent light output (sensitivity characteristics).
According to the radiation detector and the radiation 1nspec-

tion device of the embodiment using such a scintillator array,
it becomes possible to 1increase resolution, 1image accuracy,

and the like.

179% 2.8%
189% 2.9%
196% 4.2%
201% 3.0%
202% 4.4%
199% 2.9%
201% 4.2%
198% 4.2%
200% 3.0%
195% 4. 7%
200% 2.5%
199% 3.1%
201% 2.4%
91% 10.2%
92% 9.1%
100% 8.2%
93% 9.3%
94% 8. 7%
89% 9.2%
a retlector provided between the first and second scintil-
50 lator elements and having a width of 80 um or less
therebetween,
wherein each scintillator element includes a polycrystal
containing a rare earth oxysulfide phosphor, the poly-
crystal having a radiation incident surtace of 1 mm or
55 lessx] mm or less 1n area,
wherein an average crystal grain diameter of the poly-
crystal 1s not less than 5 um nor more than 30 um, the
average crystal grain diameter being defined by an
average intercept length of crystal grains 1n an obser-
60 vation 1mage of the polycrystal with a scanning elec-
tron microscope,
wherein a maximum length or a maximum diameter of
defects on the polycrystal 1s 40 um or less, and
wherein a ratio of a total area of defects on a scanning
65 surface to an area thereof 1s 10% or less, the ratio being,

defined by mspecting an 1nside of the polycrystal under
a measurement condition mncluding a frequency of 200
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MHz, a focal length of 2.9 mm, a scanning pitch of 2.5
wm, a scanning surface size of 1 mmx1 mm, a sample
thickness of 1 mm, and a detection limit defect length
of 3 um using ultrasonic flaw detection.

2. The scintillator array according to claim 1, wherein the 4
defect includes at least one selected from the group consist-
ing of a hole, a tlaw, a foreign material including a compo-
nent different from a component of the rare earth oxysulfide
phosphor, a hetero-phase having the same components as
components of, and a crystal structure different from a
crystal structure of, the rare earth oxysulfide phosphor, and
a hetero-phase including a component different from a
component of the rare earth oxysulfide phosphor.

3. The scintillator array according to claim 1, wherein the
rare earth oxysulfide phosphor 1s expressed by a formula of
A,O,S:Pr, wherein A 1s at least one element selected from
the group consisting of Y, Gd, La and Lu,

or wherein the rare earth oxysulfide phosphor 1s expressed
by a formula of (Gd,_A'),0O,S:Pr, wherein A’ 1s at

10

15

20

least one element selected from the group consisting of
Y, La and Lu, and x 1s a number satistying O0=x=<0.1.

4. The scintillator array according to claim 3, wherein the
rare earth oxysulfide phosphor contains at least one element
selected from the group consisting of cerium, zirconium, and

phosphorus.
5. A radiation detector comprising:
the scintillator array according to claim 1; and

a photoelectric converter to convert light from the scin-
tillator array into electricity.

6. A radiation mspection device comprising;

a radiation source to irradiate an inspection object with
radiation rays; and

the radiation detector according to claim 5, the radiation
detector being configured to detect radiation rays

through the mspection object.

Gx s * o e



	Front Page
	Drawings
	Specification
	Claims

